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FOREWDRD 


The design tarles contained in thiy tandtoos are based upon a simple 
geometr.cal model of woven fabric which was oroposed by F, T. Peirce more 
than 20 years ago. A graphical solution of tha model for maximum weavable 
sotton fabrics was daveloped by Louisa Lova in 1965, In 196) the basic 
equations for maximum weavable cotton fabrics wee solwed and the informa- 
tion put in aasily atcesyivle tabular forw by Louis IT, Wainer. 


In 1966 Mr, Weiner mads an impoi*ant soatrit tion by extending the 
model of Peirce t synthetic fibers and blend>, tabulating numerical 
solutions to the basic design equetio.s for plara, oxford, three-, four-, 
and five-harness weaves, and providing an sasy means of using the tables 
for all fiber types ae well as blends. 


In the present report ths generalized solutions of the maximun 
weavable equations are derived and tabiad for a broader spectrum of yarn 
bulk densitiee than in the 1966 report. In addition, this rewision takes 
into account %he more walid figure for the density of cotton fiber for 
use in geometric calculations of 1.25 instead of 1.54. To adjust for 
this difference, yarn oulk densities in ‘«rme of fiber densities for 
single fiber species and biends have ‘sei ~olved for both the 0.59 and 
0.67 packing factor assumptions. 


While from a theoretical standpoint it should be more correct to 
uss the packing fector of 0.67, much practical experience in the use of 
these tables in the past indicates tha* the 0.59 assumption yields more 
valid results, This protably arises from the fact that convemtionel 
looms in usu today are not capable, without especial attachments, of 
attaining the power necessary t2 force in the few extra picks that would 
be required for the 0,67 packing factor to bs used. 


Thia new epproach to the design of fabric has now been used for 
many years, and countlese examples have been smassed of the value of 
the infvurmation containad in these table” and the practicality of the 
approach, When one ig confronted with the need to veave an unfamiliar 
construction, or owen a familiar constavstisn from an unfamiliar fiber, 
or from a tlend of fibera, ths use of these tables as a guide to design 
specifications can save much time and money spen* in unsuccessful trialoe. 
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1D. A@STRACT 


Thi:s report contains in tabular form the solutions of the maximm 
weavabil: ty equations for the plain, oxford, 3- and )-harness twills, 
and 5-harness sateen in terms of warp and filling cover/factors and 
yarn number ratio (Bets) for fabrics made fron any fiber species and 
from blends. The tables are set up for yarn bulk densities ranging 
from 0.54 to 4.6; this includes fibers as light as polyethylene and 
as heavy aa stainless steel. Supplementary tables are provided giving 

bulk densities (assuming standard packing factors of 0.59 end 
0.67) for all of the commercial fibers and for blends of the most 
important commercial fibers in increments of 5% ranvin7 from 0% to 
100% blend composition. 
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ABSTRACT 


This report contains in tabular form the solutions of the maximum 
weavability equations for the plain, oxford, 3- and h~harness twills. 
and S-harness sateen in termy of warp and filling cover factora and 
yarn number ratio (Beta) for fabrics made from any fiber species and 
from blends. The tables are set up for yarn bulk densities ranging 
from 0,54 to .6; this includes fibers as light as polyethylene and 
as heavy ae stainless steel, Supplementary tables are provided giving 
yarn bulk densities (assuming standard packing factors of 0.59 and 
0.67) for all of the commercial fibers and for blends of the most 
important commercial fiters in increments of 5% ranging from 0% to 
109% blend composition. 
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TAPLES OF SOLTEIONS OF RQVATIONS YOR MAYIMYM WEAVABLLITY 
FABRICS MADE FROM “INGLE FIBER SPECIES AND BLENDS 


Forts ss, Ses ee eee 
i Porpose and Sed Sea [Reproduced from we 
AIS 


best available copy. 
as Forp2se espace ear a 


The tatl.° im «mia repos? ata cre-eerted bo facclitate the 
designing of high: terture or manlmum #sa7w le fatttse, Maxtmum 
wearable fabrics ere the largest slase of fumtthonal febt ios used by 
industry and Se military. Smog many weaves thay inciade: ducks, 
popline, wind-res:stant twiils and sata-n-. airplane and balloon ¢loihs, 
and lining#. in dewigning matimunweareria fsabstes it ie always of 
concern to tm desiguar to Unow whether bis feor's te prastical un 
terms of the capatity of the inom to put in the nevassary picks. 


The purpose of thess tables is t> eliminate the nead for 
direct computation er for graphi:al techatques previously used for 
obtaining the s2lotina cf mlriumm weagariitty prooleme, For the first. 
tims, the fables promide tha soigniaas to the manimam weavablinty 
equations for fabr*:= made from any typs of fiear or from blends. 
These tables augment ‘hose gobirehed im Teatrie Parte Baport, No- 

128 (1), whiah can be weed ooly for otton faketc +. 


bo Seop 


‘ake 


: 


Tote report contains im tabalar farm th= solution of the 
equations for maxumm weavability fate.:3 for the plain. oxford, 3- 
and hoharness twills, and S tarness sateen for yarn bulk densities 
equivalant t2 polyethy‘ane on the low side and to stainless steel on 
the high sid» and insinding all the comner:ial teantile fibers and 
blends of the most sommon textile fibers in inctemanta sf 5% blend 
compositions 

The maxyumum wearatiiity tables ‘Tarte “UI! an this report 
provide solottons over a warp cover fachor range of from 8 te 62 inclusive 
{on # sliding acale dependiag pen yar: blk deneity). at intecvale of 
1, and owar a Seta factor range of from 9.5 'o ¢,90 at intervals of Ool. 
Where de*‘gn data are given in tarms of gurus tar inch gid warp or 
filling years rember, ccver fartore and gata factors may be obtained 
from tables in Textile Sarves Report Ni, 128 (1) o: sompatad from 
equations {), (€! ar (6) given in +: tata, 


In addition, two tables are presanted which provide a means of 
obtaining the varn biik dansity when shies inforogn.om Le aot othemwiae 
availatie, One of theese tatlas (Table ' gices the atandard fiber 
decaity for svery commercial vaxtits frher any tre eqniealeans yarn bulk 


deneitiss compated om the assumption of pecking factors of 0.59 and 0.67. 
Jn the abeense of seperiasntal infoemation on the aract packing factor 

we Walue of 0.59 suonld bo used, Table may also te used for any 

expec imental fiber basing ¢ fiber density agquivalant to that of a given ‘ 
commerclal Pibsar, The sasoad of thase tabdes {Tatle IT) gives the yarn 

balk densities of thends of the most important of ths commerctal fibers. 


Tue Riends ang tated in Sf anewements from O% to 1900 blead composition. 


£0 Theoretical Packground and Frevioze Technimes 


The finduige of Pacros hava tean considavat bagi: in the design and 
development of fabri: etovetures. Tha sqaahions of Peirse (2) for the 
fiain wears ware published iu graphical form ty Painter (3) » and algo 
10 nomographic form, ty Backer, Adams and Schwarz fi), Finally, Love 
'S) excbendsd Veadroe = suigtions tO wearse owhhar than the plain, and 
developed a series of gvaphs to simplify tha preiietion of construction 
paramsters of maximum waavabdility fabrics. Weiner and Johnston (1) 
Solved avd tabled the Live equations for a range of sover faztora from 
10 to 32 and over 2 Reta factor range from 0.5 to 2.0. 


so Computation and Organization of the Tables 
a Yorn Buié Density Table for Fiters (Table 1) 


tdealiy it would ne destrakle to know the erach bulk density of 
yarn2 comprising tertile fateinsa, um order o> ob sin the maxctmum design 
accuracy from the mastmem weavarility abies in thie report. It is 
difficuit, mt a.i impossible to obtain «a fairy approximation of yarn 
bulk deneity, Te weight of a gtrea length of yam may be obtained 
with considerable presitio, ay «an the length of yarn itself. However, 
beaase of the inherent compressibiiity sod "hairiness" of many yarns, 
1S is difficult to tbtain a realistic meassrement of yarn diamater (or 
yatn area) which is nesded to compute the balk densi tyo Despite the 
difficulties, many methods have bean vead with reagonable success to 
obtain such messuremnte, including mcroesoplec. Seripliane, thickness 
gauge and Peirca’s roring twist tachnique, 


Most worker: ‘5, 6) conventionally follow Peirce’s recommenda~ 
tions for cotton fabriss of ,999 gm/cm! a2 4 standss2 yarn bulk density 
for design work. 


Since tne denrity of the cellul-s- in the cotton fiber ia 1.5h, 
"hs depres of “packung™” was vonzidered to be tha ratio of the yam bulk 
demsity to the fiter dexsaty. ces 


0909 * 9,59 
LoSh a 
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This value of 1059, which ae called the patking factor or packing 
coefficient, had hee, standardized (6) for fibere other than cotton and 
bad been used +o compute the yarn balk deneity from the fiher density of 
any fiber, Work: done at the Shirter Inert ty 4, Jo which the volume of 
the lumea of tae cotton fiber ia tala pro comsldaration, indleates 
that the dewvity of the sotton fiber Sey Rave oisal oslewlatlans should 
be 1035, Ueing thia revised ralme tna 4 Mtation for pacing factor 
would bes 


“ee GATT Career tmatelsy 9,679 


Despite these findings, past expariencs in the uae of thoae tables has 
indicated that the pasking factor valne of £479 Prowides the most: 
reasonable estimates for fabric design, In stort flout weaves, using 
the packing facter of 0.59 appears to yield a tainly absolute maximum 
in tightness. For the longer fioat weares, ths 0.59 packing factor 
sometimes yields designs that may be just telow the maximum. However, 
for all practical purposes, with the stata of tesnnology of loom design, 
ag it exists today, the test reeult» tn using these tablea can be 
obtained in assuming a 0.59 packing “actus, Sopplerentary tables for 
the 0.67 packing factir ar@ ineivded fier maforenas purposes and in 

the event that future d-velopmentr May asst 29 Lighter fabrie 
constructions than ate practioul taday Jn waariag tachnologyo 


Yarm om14 densities 


for differant ther tppes may be computad 
ag the product of the fiber dang 3 


“¥ by tbe packing factor. 
Day ~ De, « (1) 


Foz uylon (Deg of lok), for srampie, if we avoume 5 packing 
factor of O59 we get ae the yarn buls deus] ty’. 


1th x 593 = 4? 


The yarn bik dimeity table wae prepared in thts manner. Thus, 
the first step te tage in designing a marcinnm eaarable fabric, from say, 
Acriian, in the absen:s of expesimental data on yarn tulk density, would 
be to look up ite balk deneit» in Table T, 


bo Zaza Balk Denatty Tabie for Biends {Table 11) 


as wamte a hoy 


Table ID previdse for blends of tha moat rowmen fibars tha same 
information vontained in Tabla I fer single firer yarns, Blend 
proportions are from Ob to 100% in S% increments. 


The values Lo Tables [ID ware obbairad from tha solution of the 
equation: 
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TTA), ‘Yarn bulk density of i) 
ep blends for compsting 


Table tT 


AY 
+ 
we 
oO 
v 
a 


the bulk density of the blended yarn 
Dey, © fiber density of fiber #1 
Dep, = fiber density of fiber #2 


A = percentago of blended fiber #1 
expressed af a decimal 


A sample calculation for a blend of 25% nylon and 75% cotton 
would be as follows: 


petro = 48h 
wee 


In Table II the fiber density of one of the component fibers is 
iven at the head of the first colum with the percentage of that fiber 
(rich Of to 100%) given below it. The headings of the following aight 
-olumns give the fiber densities of the other component fibers, and the 
values in the body of the table are yarn bulk densities, For the 
problem solved above by Equation (2) turn to the 0.59 section of Taktle Ti 
showing fiber density of 1.14 (for nylon) in first column: drop down 1> 
25 (the percentage of nylon in blend) in first colum, go across this row 
(25) to value under column headed 1.54 (fiber density of cotton): this 
will give bulk density of 0.8. 


If necessary, linear interpolation may be used for other blend 
percentagss or fiber densities. 


co Maximum Weavability Table {Table ITT) 


Table IIT ("Maximum filling cover factor in terms of warp cover 
factor and Beta factor") shows the maximum filling cover factor (K>) 
that 19 theoretically obtainebtle for a given combination of warp cover 
factor and Beta factor, The filling cover factors for the various 
yarn talk aensities and weaves were obtained by the sglutiona of the 
following equations, the derivation of which is given in the 4ppendix, 


i 
i 


7 Equations solved in setting up Table 1117 (3) 


ay Re 
PLAIN WEAVE ye j-[g22% | “Vr 29.2\De |? 
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Number of yarns per repeat of weave 


where M = Number of inter acings per repeat of weave 


Cover factors’ or Beta factor may be computed from the following 
aquations: 


where K, is warp cover factor 
n, is warp texture of yarns per inch 
N, 18 warp yarn number or "count" 


a 
, * Vatr {Warp cover factor equation’ (h) 


=? 


n = 
K, * = /Filling cover factor emiation/ (5 


where Ky is filling cover factor 
no is filling texture or yarns per inch 
No is filling yarn number or "count" 


—_ iit (eta factor equation/ (6) 
2 


where B is Beta factor or yarn balance 
N, is werp yarn number 
No is filling yarn number 


* Throughout this report subscript 1 refers to warp and subscript 2 
refers to filling. 


= 


~ Yaroe ars oumbsrs2 ta syetems other thaa the "cotton" system, 
they should be converted to the cotton syetem in order to use Table 
1 


r 
a 


in Table Til ware cover fyctora range from B to 62 (depending on 
yarn dematty!. and Beta factors from 0.5 to 2,9. To onder to simplify 
the DEjgramning and pricbat, gon-walid vaises Checaigse of Ky being 
too lew) ara indicated by zeros ("O01 "in the able, This does not 
mean that the numerical value of Ko is zero. Tha zaro ahould be read 
as a blank space, 


For each of the yarn twill densities, ranging from .Sh to 4.6, 
there is a section for sack of the five weave types. The maximum 
tilling vover fastor values are given to one decimal place, which is 
quite adequate precision for textile design work. Interpolation may 
be used for fractional values of warp cover factors 


h. Use of Tabies I md IT -- er 


Tables I and IT marely provida the essential value of yarn bulk 
density which indicates the sorre:t location in Table ILL to enter 
(each page of Table [IT hag ysrn bulk density at the top) to obtain 
the solution apprepriate to the fiber type or blend of which the ence 
fabric is composed, 


50 How to Usa Table TIT 


Table TLE is the one from which the uzefulness of this report 
derives. Table TIT is presented primarily as the solution of the 
equation for filling cover factor (see paragraph 3c) when warp cover 
factor, Beta factor and yarn bulk density are known. (It can also 
be read for a solution when any three elements are given or required, 


to find the fourth.) 


Perhaps ths easiest way to visualize the relationship of these 
four elements cf Table ITI and how they are obtained is by considering 
the following tabalation. 


Knowledge of any three of the four"slemacts" listed will provide 
the necasaary information for obtaining the fourth from Table IIT, 
However, in the conventional design of fabrics the yarn bulk density, 
warp cover factor, and Beta factor are usually mow first or computed 
ond ‘he filling cover fe tor is the unknown factor which is usually 
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an 4 re 


Yarn Bulk Density (De) 


Warp Cover Factor (K,) 


Filling Cover Factor (K5) 


Beta Factor (B) 


* Textile Series Report No. 128 
of the cover factor equations 
equation (6) for a wide range 


Ubtainable from 


1, 


20 


30 


le 


20 


1. 


20 


1. 


26 


Actual physical 
measurement 


or 


Table I (for 2ingle 
fiber) 


or 
Table II (for blenes) 


Equation 
(nj/ Vi) 
or 
TSR #128 (Table 1}* 


Equation 5 
(no/ V3) 


or 
TSR #125 (Table I)* 


Equation 6 
( VN 7No) 
or 


TSR #128 (Table I1)* 


If you have 


Fiber name or 
fiber density 


Blend 
composition 


W yarn number 
and W texture 


F yarn number 
and F texture 


W yarn number 
and F yarn 
number 


peparee (1)7 providss the solution 
) and (5) and the Beta factor 
of yarn numbers and textures, 


j 
j 
j 


alt i lt il a ss 


: 
| 
: 
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The textiles designe» normally has access to the information in 
the far right column above; this mabie~ Lim to make the preliminary 
calculations or to check im Tables IT and IT to obtain the yarn oulk 
density to enter Tabie IIT. Thus. if he is looking for the greatest 
number of filling yarns of a given size whith san be used for a given 
weave type, he wiil know. 


(1) tha fiber density or blend compositior which will then 
give him the yarn bulx density 


(2) tha wasp yarn names: and warp Layturs which will provide 
the warp cower factor, 


(3) the filling yarn number, which with the warp yarn number 
will provide the Beta factor 


Using the abo~s three items, he can sscure from Table III the 
maximum filling cover faztor. 
The maximum filling texture can be obtained by solution of the 


SR 


following equation 
n, = Kx VN, Marimam filling texture equation7 (7) 


where n, is filling texture, or yarns per inch 
Ky is filling cover factor 
N> 16 filling yarn aumber 


Maximum filling texturs can also be obtained from TSR No. 128, 


In addition to thus obtaining the reqiremente for maximum 
weavable construc*ions, it 1s possible to find what percentage of 
maximum weavability any construczrion is. That 1s, divide the actual 
filling cover factor by the theoretical filling sower factor. Thiy 
percentage may ts expressed on the basis of either filling cover 
factor or filling texture. 


Also, given 3 particulas construction ‘tne tartile designer can 
determine its practicality, That ts, he can determine from the table 
whether or not it 15 weavatle, without trial weavings, 


Given a particular conetruction, the fabrics designer can, by using 
Table III, determine whether it can be tightened to any extent, 


Finally, given certain filling parameters, sich ae yarn size and 
texture, 1t 15 possible to proje:* cartain combinations of warp sizes 
and textures, 


ee Ce ee 


Ay Kgumplas of Use of Tables 


Since Tables I and If are incidental to tha use of Table ITI, they 
wili not be disevassd saparately but as an integral part of the 


dizcusston of sash probiem prasented in this sections 
be well bo preeiide some ganeral information on the role of yarn bulk 
denarty before proceeding with specitiec axample-. 


However, it may 


Tdeaily, at would be desirable to kaow the exact yarn bulk density 
of the yarns going into the fabric, by maans of microscopic or some 
other types of objectives measurement rather thaa using the appraximations 
of Taties T and IT, 
constructions it may be advisable to go through the mechanics of 


Whera 4 given yarn 12 used in many different 


measuring the actaal yam densitys..It 1s reavogcized that. measuring 
arturs may in some imstances be as large as agtimating errors because 
of the difficulty in gabting a realiatic indication of yarn dlaneter. 
However, it ig important to be aware of differances if they do exist, 
in the event that actual loom experience yields results that differ 


somewhat from the predictions of Table TIT. 


Despite the sdvantages that may acsrus from actual yarn density 
measurements, the bury designer will probably rely more on Tables I 
and [I to obtain the necessary values for entering Table IIT; the 
probleme Selow will be based upon this arsnmpt-ion. 


a. Design of Fabrics Made from One Type of Fiber only 


Problema of this type involve the design of a maximum weavable 
fabric which is made wholly from one type of fiber, such ae Arnel or 
Orlon. 

Givens fiter type, filling yara number, warp yarn number, 

texture and weave 
Zo find: number of picks for maximum weavable construction 
Probiem: Whst are the maximum number of picks of yarn number 
19/1 cotten count Orlon that can be woven into a 
poplin having 106 enda of 0/2 Orlon. 
solucion: 


Find the yarn bulk density of Orlon in Table I; 
Ait 1s 0.67 for a PF, of 9,59 and 0.77 for a POF, 
of 0.57.6 


10 
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Step 2 Pind warp sover factor for the 196 ands of 40/2 yarn. 
rom sonwert LIZ to 20/1 Ceoser factor “omput ation 


a t 
< 


is based upon singles -quimralent«>, Obtain warp cover 
Pastor using eqratten on) where Kyo ony / YN, 
substituting: -106/ eo * 23,702. Or look it up 


on page 9k af TSR No, 128, 


Step 3 Find Beta fuxtor for yarns, “sing aquation-6) 
Rata os WNYINS = POF = 12.026. Or look it 
ap on page 138 of TSR Nc, 128, 


Step 4 Find mariaun filling comr factor. Turn to Table III 
for plsin weave fabrise {poplin is a plain weave) and 
yarn bulk deneities of 0.67 and 0.77. For 0.67 the 
intersection of "Beta factor" (top colum) of 1.0 
(closest value to 1.026) and row 24 "warp cover factor" 
(far left) gives "maxim filling cover factor" of 
Eoto® For 0.77 tha same intereastion gives a "maximum 
falling cover factor” of 13.9. 


Step 5 Compute maximum filling tarture using equation (7): 
ns = KE, YNa. substititimg: 1201 W19 = 53 or 
F200 WIG = 57, Or losk 4+ xp on page 95 of TSR 
No, 128. 


As mentioned previously, although theoratically it would be 
«2 appropriate to ase the yarn rule density of 9.77 corresponding 
to a packing factor of 0.67, practical considerations based upon past 
experience indleate that for thie fabric the rasults cbtained from 
using a yarn buis density of 0.67 corresponding to a packing factor of 
0.59 would be more correct. Assordingly. all of the other illustrations 
in this section will te bavad upon the pecking factor of 0.59. In the 
longer float waavas (4 and 5 harnezal it ie =ometimes possible to 
obtain slightly higher filiing cover factore than would be indicated by 
the packing fartor of 9.59. Experience provides a basis for making the 
slight adjustmentz which may ba necessary in these cases. 


* If it is desired to obtain increased precision, interpolation may 
be used with the fractional Beta fastor and the fractional cover 
factor obtaine, from the compatations in S'eps 2 and 3, respectively. 
In this parhicular problem, the interpolation would ba of no value 
with respect to warp cover factor, since the equivalent filling 
cover factor ig identical for warp rover factors of 22 und 2k. 
Interpoiation for the Bata valss of 1,026 would increase the maximum 
filling covar fastor fo 12.23) or Wv.e in three significant figures. 
Accordingly, if is uggested thal anherpolation be ignored for first 
approximationse 
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BEST AVAILABLE Cory 


bo Resign of Fabrics Made from A Fiend of Two Fibers 


This problem concerns the desipn of maximum waavable fabrics 
made from an intimate bland of two fibers such a2 uyion and cotton or 


polyester and cotton, 


Givens 


Zo find: 


eS 


Problem: 


Step_2. 


Step_3 


Step 


fiber types, blend compasitina, ftiliag yarn 
mumbes's Warp yarn number, warp taxturs and weave 


number of picks for maximum weavabl« songstruction 


How many picks/inch muat be used in a fabric having 
150 ends of 36° yarn to obtain maximum weavability. 
Solve for both 368 and 253 filling yarns; and for 
plain and 3-harness wearss, Aseuns yarns are 
blended and contain 25% of nylon and 75% of cotton. 


Determine density of blended yara from Table iI. Go 
down column one {haaded "fib. demo * Voth,” Lode, 
fiber density of nylon) to row 25 ‘€ of nylon in yarn). 
Movs across row to value under colum headsd 1.5) 
(density of cotton); this givee 9,8h, Thus, the yarn 
density of the blended yarn i» 2k, 


Gomputa éover factor of warp. using Fqvation (i), 
Ky - n, /YNP = iso #38 =~ 25 
Or look it up in TSR No, 128, 


Compute Beta factor for both yarn combinations, using 
Brauation (6) 


Bo» VES TH, + VBI + | 


= W267 35 = 443 
Or iook tt up in TSR No, 128, 


Go to section of Table IIT corsring Flain Weaves 
and yarn bulk density. of oth wes 


Por warp cover factor of 25 and Reta of 1, 
the maxumom filling cover factor {4 13.5. 


For warp cover factor of 25 and Bata of Le? 
the marinum filling cover factor is 1ho7.o 


1? 
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Probiem. ‘cont ’a’ 


Step 5 Go to sec :0;, of Table IJ’ covering j-harness weaves 
and yarn m."s density *f 431. 


Fee warp cover factor 36 *5 and Pata of 1, 
the maxyumum filling cower tata, 14 27.9. 
For warp cover factor of 25 snd Reta of 1.2, 
the maximum filling cover factor 13 18.2. 


Step 6 Compute marimum filiing tertats ‘picks per inch) _ 
frem viver factor, using equation (7), no = K, V5. 
Or look it up in TSR Ne. 128. 


Vaines of n> are given in the following tvatulation: 


” 3-Harness Weave 


SAS, SE RACED IE TTS 


no = 17,0136 


~ 102 


nm * 182 V25 
= 91 


Sv Pr Fe. ese ee a ee ee oe Te Oe 


Thus, for the plain weave, as we go to the coarser filling 
yarn (368 to 258) there are fewer picks that can be woven into the 
fabric for maximum weava>ility (81 vs, 74). The same holds true for 
the 3-harness weave. We can weave *2 picks of the 366 yarn, but only 
31 of the 253 yarn. 


However, in going from tha plain weave to the ?-harness weave 
it takes more picks to f1il the weave, Thus for the 367 yarn we mist 
increase the number of picks from 81 to 162; and for the 253 yarn we 


must increase the number of picks from 7 to 91, 


co To Determine Percentage if Maximom Weavabi lity 


Problem: 


(1) A Type TIT wind resistant al!-:oyton oxtord has 

a specified texture of 126 ny ué, Tf a 0/2 

warp yarn 15 avallahle wha per ent of marimum 
weavability will be obtained if we uve a !2°7 filling? 


Ty 


Probl am: Crony?! 4) ae Di Reeds 


(2) If wa use the same "size" warp and filling yarns, 
but made of a blend of 50% Dacron wad S0% cotton, 
What will bs the parsant of mayinmorn weavability? 


Solntion ; 
For allezotton fabris 
First convert 10. to 20/1 


Step 1 Find yarn bulk density of cotton in Table I 
ax 091, 


Step 2 Find warp cover factor by using equation (4) 
ox from TSR No. 128; it is 300). 


Step 3 Find filving cover factor by using equation (5) 
or from TSR Noo 128: it is 13.3. 


Step h  Compatea Bata factor, using equation (6) or obtain 
from TSR No. 128; it is iv. 


Step 5 Find maicimym possitle filling cover fastor in 
Table III for oxford weaves and yarn bulk 
densitiex of 091. This value is 15.9, 


Step_6 To obtsin percent maximum waavability: 


« 


semputed maximm filling cover factor (15. 


Divide actual filling cover factor (13.3) ty 
9 
to obtain 83.6 as percent of maximum weavability. 


For Dacron-cottan blend sit peat 
Step_1| Find yarn bulk density of a 50% Dacron «= 50% 
cotton blend from Table II as 86, 


Step 2 Find warp sover factor of 30.4 as above, 
Step 3 Fine filling cover factor of 13.3 as above, 


Step Find Beta factor of 1.3 as above, 


1h 


3 
d 


si 
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i 


Es 
F 


4 
x 
3 


Solutions “<mt'd) 


Step_5 Find maximum possible filling cover factor in 
Table ITT for oxford weaves and yarn bulk densities 
of .96. This valua is 17cho 


tep 6 To obtain persent maximum wearabilitys 


Divide actaal filling :smer factor (13.2) by computed 
morimm filling cowar factor (15.)) to obtain 86.4 


a? porsent of maximom wsavability. 


Thus, even though the cotton yarns and the Dacron/cotton blended 
yarns used in this #cample ware both the sume "size" in terms of yarn 
number (which is a measura of Linsar dengityl| actually the blended yarn 
has a larger diamater becaussa of the lower density of the Dacron 
constituent. Thus, keeping yarn numbers and textures constant, the 

lended yarns wilt produce a fabric with a higher percantege of maximum 
weavability. 


do To Datarmine Weavability om Prasticality of A Given Loom_ 


a apes a 


Problem: Is a sateen fabric weawablie« if iv has 129 ends of 
21/1 polypropylene yarn in the warp and 9) picks 
of 14/1 polypropylene yarn in the filling? 


Solution 7 


Step 1 Find warp and filling cover factors: 23.2 and 2561 
respectivelys 


Step 2 Find Beta factor: 1.5. 


Step 3 Find maximum filling cover factor in section-of 
Table IiI for Seharneza weaves and for polypropylene 
yarn bulk density of .Su. This ia 19.0. 


Since the cover factor desized (25) is larger than the theoretical 
maximum {19}, this fabric would uot b= wearable. It is interesting to note 
that a fabric with the same construction characteristics as this could be 
woven from cotton yarns. Toes, ib is erroneous to anticipate that the 
fiber composition of a fabric can always be changed without also changing 
the texture and/or the yarn sizas. 


7. Basic Assumptions and Limitations of the Tables 


Three asxkumphicny were made in developing the equations that led to 
the formilation of these tables: 


\5 
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a. The yarn compression in a fabric woven to maximm tightness 
produces a change in the shape of the yarn section but does 
not alter the fiber packing dansity. 


bo Complete flattening takes place in that half of the yarn 
that 1s in contact with a neighboring yarn under a single 
float (see Appendix). 


co The packing coefficient of yarns made from all fibers and 
blenda 1s 0.59. 


If yarne are numbered in systems other than the "cotton" system, 
they should be converted to the cottoa system in order to use these 
tables. 


For all practical purposes, these assumptions produce only minimal 
errors and thus the tables are suivable for firet-order approximaticns 
in fabric design. For designers who work with a few types of fibers 
or blends it might be useful to check the yarn bulk densities of the 
yarns they work with, since twist and other factors may alter the yarn 
bulk density values given in Tables I and iI. If actual yarn bulk 
density values are available, then the only important limitations on 
the validity of these tables and the equations from which they were 
derived are the first two assumptions (a and b) listed above. 


veotret s 
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DERIVATION OF THE GENERAL MAXIMUM WEAVABILITY RQUATIONS bc 


THE PLAIN, TWILL AND SATEEN WEAVES FOR YARNS OF VARYING 
BULK DENSITIES 


TNTRODUCTION 


The steps leading to the derivation of the general maximm 
weavability equations are p” sented in five sections of this 
report titled as follows: 


I. 


II, 


III. 


Derivation of K, (procedure of Ball’), 


Derivation of the Maximum Weavability Equation for the 
Plain Weave (procedure of Peirce?). 


Derivation of the Equations for Local Spacing in 
Twills and Sateens. 


Derivation of K, (max) and Maximum Weavability Equations 
for Other Weave Types (procedure of Love3). 


Derivation of the Generalized Maximum Weavability Equations 
for All Fiber Species and Blends. 


Preceding page blank 
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APPENDIX* 


DERIVATION OF Ths GENERAL MAXIMUM WEAVABILITY BQUATIONS FOR THE 
PLAIN, IWILL AND SATEEN WEAVES FOR YARNS OF VARYING BULK DENSITIES 


#Originally published as- 


ee 


Material Rxamination Reports No. 8316 (9 Sep 1965) and No. 8320 
(10 Mar 1966) by Louis I. Weiner, 0, S, Army Natick Laboratories, 
Natick, Mass, 01701, 
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I. DERIVATION OF Ky" 


It is customary for textile designers to express the "cover of a 
woven textile fabric by means of « computed "cover factor" which is 
designated by the letter "K", K is derived from fractional coverage 
as follows: 


Fractional Coverage (4): 
Pp 


The cover of a fabric can be expressed as "fractional coverage" 
which is the ratio of the area "covered" ty yarns to the total area of 
the fabric. For a given fabric direction (warp cr filling), fractional 
coverage may de visualized as the projected area divided by the total 
area as siown below: 


| t 


-5- | ad = diameter of sach 
yarn in inches 


| p *@ 4dnches/yarn (this is 
called the "spacing" 

and includes a "space" 
| and a "yarn diameter") 
ig | 


n = yarns/inch 


le lin-———+ 


For 1 in@ of fabric, the fractional coverage of either the warp 
or filling is: 


fractional coverage = rarne/inch x dl x 1" = ndx] 
t in ar ges 


numerically fractional coverage = yarns/inch xd" = nd 


*Throughout this section the derivations are predicated on the 
assumption that cotton fiber has a density of 1.5) and that the 
yarn bulk density is 0.909 based upon a packing factor of 0.59. 
Exactly the same results would be obtained if the cotton fiber 
density of 1.35 were used with a packing factor of 0.67, which 
would still yield a yarn bulk density value of 0.909, which is 
the important parameter usec in these calculations. 


{ 
{ 
q 
i 
| 
i 
i 
4 


yacas iaG * ech som ora « L (1) 
in ches/yarn p 


therefore ad 7 : (2) 


Thea conventional expression for fractional coverage is 


G ubich is dimensionless. (3) 


Hecause of the difficulties encountered in measuring the diamster of 
yarns 1* has become customary for textile technologists to use yarn 
oumber (Ni*, which is easily calculable, in expressions where yarn 
diameter (d) 1s normally required. 


Cover Fsctor (K): 
Yarn diameter (d) var:es as the reciprocal of the square root of 


yarn number (N} for the indirect system (which is the system used almost 
exclusively in this country for etaple yarns). 


The dor al. (4) 
YN 
1 
vor 
therefore 1 pe * ae (5) 
p x p 
From Equation 7) 
p= ut where n = yarns/inch 
n 
therafors fractional coverage = (constant) 2. (6) 
ono nember of 8L0 yard hanks per pound or N - oe 


where 1 18 yds aniwis lbe 


22 


and Eras one: menage =o, (7) 
Constante 


VN 


Toe ratio om the lat above is deargnated ax cover factor or &, 
and thus 


Kos Be (8) 


The maximum value of K (designated zs K,) is obtained when 
a/p = 1, in other words when the projected area of the yarns in the 
fabric equals the total area. However, as will be seen later in the 
derivation of the equations for maximim weavability, when compression 
of the yarns under ths float takes place in tightly woven structures, 
it is possible to get values of K exceeding K,. The development of 
the maximum weavability squations is based on values of K which exceed 
Ko, The larger value is designated as S, (max), At this stage of our 
development, however, K, can be considered to be the maximum practical 
cover factor and mich valuable design and dawslopmant work is done 
utilizing K. as a threshold value againet which a computed K may be 
compared. 


<A 


Ths value of K, will vary depending upon ‘che specific volume or 
dongity of the yarns for which it is used. Therefore, it is necessary 
to derive the relationship between diameter {d) and yarn Number (N) 
as a basis of computing a range of Ky values. An assumption which has 
been made in working with this relationship is that cetton yarns have 
a specific voluze of 1.1. If this asaumption is accepted, then - alues 
of Ky for a wide variety of fiber types and blends may be compvt dd, 
if the packing factor or packing coefficient for yarns made from 
theese fibere is considered as identical to that of cotta yarn. More 
will be gaid about this later. 


The relationship between diameter and yarn number may be deduced 
as follows: 


Consider a textile yarn as an incompressible cylinder of length 
"¢" and diameter "a" 


ee, ees 


L 
ee a ee es 
ba 


) 
| 


The volume of this cylinder ° zak (9) 
2 
The weight of the cylinder = ali De Where Deis 
density of (10) 
yarn 


In the metric system the weight in grams of yarn would be 


Woe Zibb £ in on (11) 
Da in gn/cm3 


Keeping De in the metric system, which is conventional, but 
converting wit » and d to pounds, yards and inches respectively, which 
are conventional for textile yarns, the following results: 


2 
m Zou ale De dbs x 454.6 = yas 
ine z 2.542 cn? 


gm = 2785 cme cm De yds x 36x2.5h = cm 


lbs x 5.6 = 785 in@ x 2.54% x yds x 36 x 2.54 De (12) 
¥ (lb) = “18h x Babli x 7 x ae £ De de = in? (13) 
° L z ves 
De = gn/cu3 


ea a a ee 


Wo= 1.0189 a2 0 De 


=z rs v_. = 
e 1.0159 2 De 
a" V T2018" FDS 


Divide top and bottom of fraction by W 


« 1 
: V7 00189 2 /w De 


(1h) 


(15) 


(16) 


(17) 


By definition, in the cotton numbering system 


where # is in yds and Win lbs andN = 


f/fw = 80 N 


im ee 


d = \/ PRES. eae 
840 x 1.0189 N De 
a =\/ 20011684 
N De 


d = 203h2 
VN De 


Relationship Betweea X_and d/p’ 


Yarn Number 


(18) 


(19) 


(20) 


(21) 


If we fund the general relationship batween K and d/p, then K, can 


be determissed as the value of K when d/p * i, 


in other words, when® the 


fractione. coverage is unity or the projected area of the yarns equals 
the total fabric area. 


Rycall from equation (8) that: K «= 


and from equation (1) that: n « = 
therefore K = eae (22) 
p VV N 
ss kay (23) 
K VN 5 
From equation (21) q = 203k2 
VN De 
therefore goo. 
Cs aes = 
KN 
thus 
dos 20342 K (25) 
P Y De 
Caiculation of K): 
By definition when d/p = 1 ve XS Gr dp, K. (26) 
Ko 
1 
me 1 = 2032 So K (27) j 
Y De 


26 


° “Sito or K, = 29.2 VBe = (28) 


9 


Thus for any yarn, regardless of fiber composition or structure, if 
we know the yarn density (bulk density) ws ‘ran compute Ko, ices, the 
“naximu" cover factor corresponding to d/p = !. The problem of 
determining yarn density is a difficult one and much fabric design as 
practiced today for cotton fabrics 12 basad upon Peirce's selection of .909 
as the bulk density of cotton yarn {.999 is the reciprocal of the specific 
volume value of 1.1). 


mami. 


For cotton then Le = 29,2 4909 = 27.8 (29) 
Some workers round this figure off to 28.0 


Packing Factor. 


It is convenient to relate the density of cotton yarn to the density 
of cotton fiber. ‘This relationship, expr. ssed as a ratio, is termed the 
packing coefficient or packing factor, 


De ( 
po + Berta (30) 


For cotton: BO 20 2 oie (31) 


It has become conventional for designers working with fibere other 
than cotton to assume that the packing factor of yarns made from these 
other fibers is constant at .59. With this assumption it becomes simple 
to compute the densities of yarns, made from a wide variety of fibers, 
using equation [20). 


Defyarn) + PC x Delfider! (32) 


= 489 x Def<iber’ (33) 


ce ee ee a ee, ee 


| 
| 
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Substituting this relationship in equation (28), the following is 


obtained: 


taal 
f 


. 2902 YW De (yarn) 


ca] 
© 
* 
at 
"| 
# 
: 
Py 
Sy 


2902 V.59De (fiber) 


~ 
a 


2204 VDe (fiber) 


wm 
i] 


Pa Fe TT aE FY ET Pa 


(34) 


(35) 


(36) 


(37) 


K, values for some typical fiber species are given i: the following 


table: 


Fiber 

Nylon 1.067 

Wool 1,19 
acron 1,370 

Cotton 1,2u1 

Glass I | 1,59h 


II. DERIVATION OF THE MAXIMUM WEAVABILITY EQUATION FOR THE PLAIN WEAVE 


In order to reduce the number of variables required in the solution 
of the geometry of the plain weave, Peirce introduced the parameter "D" 
which is the sum of the diameters of the warp and filling yarns. 


Tus D= d + d, where (38) 


subscripts 1 and 2 apply to warp and filling respectively. 
Other symbols used by Peirce are: 


h = maximm displacement of yarn axis measured 
normal to the cloth aa follows: 


PLANE OF 
FABRIC 


CENTERLINE 


OF FABRIC 


6 = angle batween yarn axis and plane of clcth 
p, 0 and d are as used previously in this report 


In tight fabric constructions the yarn systems are considered to be 
jammed. When the warp yarn is jammed, for example, there is no straight 
portion in the warp yarn and a line joining the centers of the filling 
yarns is perpendicular to the warp yarn axis at the point of intersection. 
When this condition prevails, as shown below, both the filling yarn 
spacin and the filling yarn displacement ho are functions of the 
angle (6) batuean the warp yarn axis and the plane of the cJoth.* 


#No yarn compression is assumed in these preliminary derivations. 


“——_ se ae —— ee 
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Construction for Filling Yarn Spacing » 


is the spacing of the filling yarns and thus is equal to the 
distance between the vertical linee above: AB 


D is the sum of the diameters of the warp and filling yarns which 
is the length of the diagonel line above: AC 


From the geometry of the triangle ABC: 


AB pn 2 
sin @ ra — (39) 
end pp = D ein @ (40) 


For Filling Yarn Displacement: 


ee ho is the displacement of the filling yarns, which is the distance 
below. 


D is the sum of the diameters: AC below. 


Construction for Filling Yarn Disvlacement 


From the geumetry of the triangle ABC: 


cos@ = He = fe (41) 


andh, = D cos ® (42) 


It can also be shown that for any yarn configuration | 


h, + hy = D (43) 


carter line of 
- fabric 


5h, + “oh, = ef + fg 5h, + 05h, = ab + be 
h, + b, = ab + be + of + fg 


abo r. (radius of warp yarn) 
be = ry (radius of filling yarn) 


ine eto ois ree 


| 
| 


PO TNT ge nL en Fee eT 


Summarizing: When the warp ia jammed, then from equation (42) 
€ 


hy = D cos €, 


When the filling varn 1s jammed 14 can be shown in 
an analogous fashion that. 


h, * D cos @, (1) 
Sinceh, * bh, * D (4s) 
then Dcos 8, + D cos ® * D (46) 
and cos ®, + cos @, = 1 (47) 
Since cos*? 9 * sin? @ = 1 (48) 
cop®, = Vi pind 6) (49) 
and c2s @, = Wi sin? &, (50) 
Therefore Wl = sine 6) * Wi sind @ = 4 (51) 
Recall from equation (40) thas Py * Prin & (52) 


then sin 8, = “e 


analogously pj ~ Dain@, and sin®, = 3! (53) 


Therefore: re - 2) 4 V - (AY? = 4 (54) 


Equation (Su) is the basis of the w:t-ly used equations for maximum 
weavable fatrics. To make 1t more generally applicabie to the design 
problems of the teatite gugineer, it has teen customary to introduce the 
cover factor (K) into the ralationship and also to use the Beta (B) 
factor instead of D, 


Beta (8) is defined as the ratio of the filling yarn diameter to 
the warp yarn diamatex. It is also numerically equal to the ratio of 
the square root of the warp yarn number to the square root of the 
Filling yarn number, for the indirac+ yarr numbering system. 


Thug ad 
Boe ye end ty Bd, (55) 
or he 
are ene (56) 
af 


Sines D = d, * d, it foliows from (55) thar 


| 
A 
q 
i 
3 
' 
i 


Dos dad, * Bad, and D di ee) (57) 
j 
also a, tp fy oe Bl 
Sere: - D = ey eet fe 
D ‘ do p (58) 
Fy Py 
Tnecefore SEO aS tan a SP re Ree 
i dp (FBT 59) 


au { 


letra ol 


Po Po B 
ei Gina 8 (60) 
Recall from (26) that « (61) 
e 


Also from (29) for yarns numbered in the cottan system and 
having a oulk density of .909 (the value selected by Peirce): 


ke eet eo (62) 
Then a, & or BR 27.8 (63) 
) A: d 2 ae 3 
P ¢ 
Thus from (57) 5 = ct on (64) 
from (58) PR = 27 9BB 
and from (58) . rome) (65) 


Therefore’ 


ay a TE ES fst ae (66) 
Vy (x iaogs \/ (nea) 


This is the equation for the plain weave, from which the supplementary 
equations for the twill and sateen weaves have teen derived. Before going 
into the derivation of these other «ipiatinns it might be well to briefly 
review the manner in which the above amation is used. Observe that 
there are variables Kj, K, and B, These three are not completely 
independent. The warp yafn number N; is a component of Ky; the filiing 
yarn number N, is a component of K, and the ratio of these two yarn numbers 
determines B, For a given B and 4%, however, 14 1s possible to obtain the 
corresponding Ky required to make the fatyic a maximum weavable construction 
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AT MM Tet tay For a given Bound Wy tt ta poeett ie to obbkeia the 
correspasding Bi pegitred -o make 2 maximum Waatsbie comstractions 


1 
; ert Ne, GR this equation way ealwad for a wide 
range of cever fis tore CH and Sara fantors (B! 2 otample, on page 
tug oP tapert Ne, Ved ore may be on-aread cha #- 6 fatrie having a 
Warp cates Pact U8 of 20 ang Baby Faster VPS ot tod. the maxlmum 
possith: fidiing ster factor (8! as 36,6, 


in Textiles Series Re 


From the practical pounr of Whew. the ber ttle designer woald 
Tamtativety salah a warp teeters fn and y warp gavn number (N) to 
SOTSIN the warp voor factor, Then for a piven Tild ing Farn mumber, 
whieh would provide the Berg ao. he wanld votara the maximum possible 
filling somyr fattor and finally for the giean filling yarn number he 
would Pued in the taples in Report No, 18 4 the marumm momber of 
fuiding gaeua (in) whiat rald ba worn ints the Qua structaray 
Depending upoa which vonstructional factory ate ¥mown, & Spectrum of 
the umenowns in the dasten of the plain weavs fubri+ can thug be 
obtained, 


bag 
$4 


fio DERTVATION OF THE FQUATIONS POR Local 
SFOCING INTWILTS “AND SATRENS 


ia it Cnwer Bry 


Rees mY 


Peupoe Gia non actend bia geometry of jamnad piain weave fabrics 
ta ober weam typear, This was dane ty Lowe? tn 1955, Two additional 
assomphions moat bs mads ragarding the peomelry of the yarns in long 
float weaves, such a9 the cwills and the vaveene, before a model can 
Qe Lormilated from analysis, The firat assumption 15 that the yarns 
under a iong float move toward each sther andar the stress af weaving 
vuneli they touch, The ssnond assumption goes tayond the touch stage 
and postucatas that complets flattening taeas place in that half of | 
the yarn which sontarts 4 neightering yarn undex the float, 1.80, that 
the Orle.oal somitirele of tne yarn half <errian besomas a rec tangle 
after compression; and that this compre-sion doos not alter the fiber 
packing density (packing factor}. Actual obsarmation of yarns in many 
‘ight constructions canfirms tne fart that. these assumptions have a 
Valid basis. 


In this vsction of the report two equations are derived which 
provides solutions for local 2zeanteg (pe) in terms of weave factor 
(M), average spacing (pa) and either sciginal average yarn diameter 
‘ ts) which pertaing to the sitation where the yarns move toward 
ad touch each other tet are not compressed (designated as Aspect I) 
as (WM), Spy. dog) and compressed averace paro diamater (deg) which 
pertains to the situation vhete compresrion of tha warms takes place 
id that half of the yarn which contacts 4 neighboring yarn under tha 
float (desipnated ay Aapest TH). 


Reproduced from 
best available copy. 


36 


oY AVAILABLE COPY 


The following terms are defined 


M 


Pa 


doa 


dea 


weave factor += Number of yarns per repeat of weave _ 


ES amse t 


‘umber of interlacings per repeat of weave 


local apacing * distance between yarn centers of warp 
or filling at interlacing». 


average spacing = numerical average of "local. spacings" 
and spacing at voints of no interlacing. 


o. iginal average lateral diameter = the numerical 
average of the yarn diameters assuming no compression 
has taken place (Aspect (I)). 


original lateral diameter = same value as doa for an 
individual yarn. 


compressed average lateral diameter = the numerical 
average of the compressed and uncompressed lateral 
diameters of the yarns (Aspect, (II)), 


compressed lateral diameter = lateral diameter of 
compressed yarn only. 


subscript 1 as pj, Pay, 4 


oal? etc. -~= indicates warp 
yarno 


Aspect I 


First exanine the situation of Aspect I where the yarme under the 
floats are assumed to be in contact but not compressed. This can be 
illustrated diagramatically for a 3-, h-, and 5-harnass wesve a3 
follows: 


| ep Sea ee 
| ones any 
mo do, fe I 1 do: | doy | | 
OO ODD 
| 
hf i ae 
3 HARNESS 4 HARNESS 
M =15 M =2.0 


5 HARNESS 
M=25 


Ww Y Arrangement in Twill Weaves (No Compression) 


Ae shown abowe, p, 1: the local sable which 1s defined as the 
distance between sentera of the sarp yarns ‘for this case) at the 
interlacing. And d,, is the vacompressed uiametyr of the warp yarn. 
In these iLlastrations dj, also rapransits ‘he wparing at points of 
no interla:ing usder the Hoate. 


Now the average warp spacicg (Par! for each of the three weaves 
ig: 


épr + doy 


4 
¢ 


‘ 
harness = p,, * see 


2p; + 3 
Seharness = py, * Pig tel 


denarness - Pp al 


Solving each of the above fo: py we obtain 
3~-harness* 3Ppa, * ep, * a, = oe Paar 1/2 464 
y-harness’ kp,, * 2p, 1 24. P, * 4/2 Pal? 2/2 doy 


S-harness: Sp., = 2p, * 32 p, * 5/2 Pa 3/2 doy 


Note that for all of these simple weaves the number of interlacings 
is two and the number of yarns per repeat 19 equal to the number of 
harnesses of the weave, Thus, the weave fastor is numerically equal to 
half the number of harnesses, In the shove equations the coefficient of 
Pai is always equal to the number of harnesses: divided by the number of 
inter lacings:. ~which is the weave factor "M", Likewise, the coefficient. 
of qt is eqial to the weave factor i+: one or "M1", j 


Thus for uncompressed yarns: 


P, ™ MPa, - (H-1) qo 


F 
Since for uncompressed yarn aoa Goal 
then 
= - (M-1) 4d 
Py MP, ( ) 4a) Aspect (I) (67) 
Aspect IT 
Now examine Aspect (II) in which compression takes place in the 
warp yarns under the float. Recall that compression occurs in thet half 
of the yarn which contacts a neighboring yarn under the float. For the 
three weaves this may be represented as follows: 
{dan {doo bg +! dg be 
) OW @ 
| 
! 1 | 
— et dog le | le 24, * dug! 
| Vinten | 
| po Cats ae 
i Pp] PL Is P, >| — P| 
3 HARNESS 4 HARNESS 
oa doa a = doa | 


[tae P| it Piet 


8 HARNESS 


Warp Yam Arran t in Twill Weaves (Compressed Situation 


| 
| 


AEN ar 


Tae average compressed and average vars ciamster (doy) and the compressed 
varn diameter (d.1).for the three weaves ‘se then, 


Fait r Zar 
hate ts 3. + Steal ¢ 
I4, ‘i 
27 3* = q54/ ° 44 


~ e bi q s x 
Sonar nena Azar oe “al TS: 
HN 
La. 4; A ee * ede 


> 2 
ods31 - 4. 
Sobarae s& diy? os Bec, a t 


o6 
a: 43 - ‘25a! 
: re et 
a 
q : 

é 


a 


a 


— — aS ee 


The average spacing (pas) for sach of the thrss weaves is: 


> hatneas- Pa; * Pi Ba 5 Pete S4cg) os  2doa 
a 3 
f 
ee ee 
4-narmes¢ agli bes ae one Oe! Ye ae ea ei a 
i & 
re : . chy x [Sea Zia) 
© harness Pal 2) oeteepmers | At ne oie ies ease a 
Solwing each of the above for p; we obtain 
2chamne ss: Mgt "SEs * aes Pasa 
a {9 e 30 
Py 32 Bay ie) \ eT 
« af f ; 5 + 
aie Pas ea Aaa 
& ‘ * “ ‘ + sa 
l-harness bpay “Py ud. tay 
1 > fy #o yg 
Py Le P.. Wid, Anat 
2 s2 { = \ Oy : 
SOUP i! ae oat 
oh x + 2p #: 156 ea 
S -harneas BP a f, 54 se 
og fy é > + 
Py ore al ote doa 
c 3) if > +> 
= al q ql oat 
Here, the coefficient of “Pes aoe a 7 M for ¢a.h of the weaver, 
oa 


Thos for compressed yarns. 


Aspen’ (IL) (68) 


| 


a ee a a eee 


Iv. DERIVATION OF a, (max) AND MAXIMUM WEAVABILITY 
BQUATIONS FOR OTHER WEAVE TYPES 


Equation (68) provides a meang of determining the local spacing 
(p) in the warp and filling directions for twill and sateen fabrics in 
which the asmuned movement and compression of the yarns under the float 
takes place. This provides the numerator of the ratio p/D which is wie 
essential axpression in the formulation of the equation fur maximm 
weavability. Now we must find the appropriate value of D (sum of 
diameters of warp and filling yarns) which will take into consideration 
the assumed yarn movement and compression. It is understood that 
compression takes e only in the plane of the fabric and that 
accordingly the vertacal dimension of the yarn (that direction per- 
pendicular to the plane of the fabric) does not change during compression. 
In addition, fiber packing density does not change. 


We can now visualize the dimensicnal arrangement of the yarns in 
situations where there are 2, 3, and 4 yarns under the float, 
representing 3-, -, and 5-harness weaves and can compute the average 
compressed diameter (d,,) of the yarns. 


A. Mel.5 
Pa 
é ie TENS ss 
Soe? Y poe See SS 
et t e af e 
; £ s"ndnd7 3 4 7 
t . s 2 
~ t - © = 
B M=20 
‘ é gees oe ? 
f ° * ‘ 
S ~~ _ 
: fg et aa ler 9 
o le 
= ‘ "3 
C M:2 5 
( le cies eae fa Pe aot | 
a! 


O1AGRAM YARN COMPRESSION BETWEEN THE FLOAT 


Wer wemumed that comp Leta flattening takes place in the half of the 
Jaen which waitysts a neighboring yarn under the float and that the 
original eemicirele of the yarn half geaction besame a rectangle after 
COMpreaglone SAnes th werticsl dimension of this compressed half 
cechion goss uot changs from the original uncompressed yarn, all of 
the compe secion most takes plase da the horleonte! direction. But 
cinta the fiber packing density remains convhant, the area of the 
Compresged half saction met equal that of the uncompressed half 
Feotion. This means that the product of the cowpressed horizontal 
dimension (width) miitapiied by the uncompressed vertical dimension 
Cheight) must equal the axea of the wooampreswed semL-cirevlar yarn 
faetion, da other worda, 


Wh = dx (Compressed width)  . (69) 
Compressed width = The (70) 


Compressed width * 2927 ad fof half-section) (71) 


it 


2 compressed widtha oT85 ad (fulinsation) (72) 


In the sitmation shown in the diagram "Yarn Compression 
Betwean the Float," for M = 1.5 (where three yarns constitute a 
repeat of weava), the original (before compression) lateral diameter 
of tea three yarns in the repeat is: 


dx 3 * 3a (73) 


After compression haz taven placs the lateral diameters of the three 
yarns in the repeat is: 


dtd+* .79a = 2.794 (7) 


The compressed average lateral diameter is then 


(75) 


Or putting this im terms of the standard symbols: 


49% (for Mo» 
d 4 os a. (for M 1.5) (76) 


ily 


Py PF Ctoweuig Uhe same feseoaiag wa find Ohal che relationships 


ye tweet] dg we a for the Wego. with Mo» 27 and M 2.5 are: 
do ue oh? 4 ' fey M iv AN) 


Gas wo QRT Cog (far re 


Compa tatiag of Ky mar! 


See ak cae’ en eon ee a a} 


State the aterage compyessod lateral digmeters of the yarng are 
lays than the ap<rog4 origingl Lateral dianetere of the yarns, it is 
obrious Ghat more somprérsead yporme can be equeaesd dats the same 
epace than would ba predicted from the walae of Ko which was previously 


computsd, since K, represents ths maxisum oover factor for yarn assumed. 


to be completuly svilndrlesl. Tharafore, in daaling with the 3-, eu, 
and S-harnase wesvas where migration and comprassion cf the yarns under 
the flloay take poate, th fs neresearey to devalop a new K, to take ‘into 
eomeideration the additional nomber of yarns it As powatble to agqueagy 
into the stenetaes,  Thie neve v Ad dexignated ae K a (maxo) o 


Reacghi from sqgratiog o25)) Raat. 


Santa for cotton De = 909 


(77) 


vod kor FF ei, (80) 


The macimm corer pastor or Kl Omay.) wlll occur when adjacent. 
yarng are oun contact, When trig situabion prameile the average sparing 
equala the aerape compreascnd dhametera on 


Pao Ag (81) 


us s 


‘as 
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Seale: Luetis seen t aa 


aad w-+iag # yatLon 


Pa 


We obtain 


+O 


From equation (80) 


Eo 


and 


ther scfiors 


p. 
Db we 
PL 


1 6A: far 
Mp, 
MP al 


LaOs aoe 
Lo 


using *he 


m Begit + Angi 


oa BY 


taty» 2B.9, we get? 


« 


aoe 
bai 


deal 
1 


1,5 fro.2 ! “oq 
ral { Bai oal 
Led, (2 + B! 

GA > 

ooo py 1fo+ 4 

% vialy Fal '} 008 Gal 
LB ag 4? * R) 

7 


ee ee eee ee 


(91) 


(92) 


(93) 


igh) 


(95) 


($6) 


ee ee, a eee cl 


Sr erg eee 


Recall from (55) that B - Fad doal = ee (99) 
And D = do + doe (190) 
therefore D = 2 + dogo (30) 

p = Sea _+ Sos? B (102) 

ee soa (i_+ B) (103) 
And from (89) 4oa2 = 1,08 dogo (10h) 

1,08 dca2 (1 + B) 

therefore Ds 1208 Sead ts =< (for M = 1.5) (105) 


And from (68) for local spacing 


Pp = M(p ~ dio) * Soup (106) 


M (Par? = doar) + 
therefore Pp os ses ; i : mee naa doa2 (107)* 
dD ; 28 d. 39 1 + B) 


* M = 1,5 for equations 107 to 115 inclusive 


LB 


a lac i ee hala lai in i le a i i ik ci i iat La a aa he at ll ea le OE hi 


And EP s bn & 2 qh, 32) . aa] R (108) 
8 ie fine eas iar | aes 


liga 
And from (%,) Pay ™ dod oe (109) 
ca 32 


therefor = 


py co a ee ee } ke mee rasa a See i > (110) 


eae ic 5 i 
ee Sd Uc Paes oe ee? oe (111) 


[x a (43 '] 4 4 08 a. J 

p Gc 32 > i oN Meas | B 
2k —_ ae ae (172) 
Pe He: | J 08] : 


Bee Seas bg i ee ) 
TOE EBT (113) 


And since from (cy) 


Vr (eae Vig a(te an 


Le 


‘lla 


Be ao tan) a a a or we aio ee <= wn area ve sae ma weasecrene ——— 
042 a )? 
[ »fee . ] * 1,08 [« (: 5 ‘ oi] | 
‘ wa : * + 4.7 i 
; ess a Ws Se essere $ 5. ee sas .- rn Sk entree + an-a0e eannmasenarore 1 
L 1,938 (4 + RB) E 1398 (4 + B) 


This 13 the ape ifie maxvoum weavalbility equation of a three harness 
wears for cotton fabric= sumbarad in the cotton system and using a L, 
of 28. 9. 


V. DERIVATION OF THE GENERALIZED MAXIMUM WRAVABILITY BQUATIONS FOR 


An Si ea St =e aren ee 


ALL FIBER “SPRCIES J AND BEN! “BLENDS: ~ 


We s4all now derivs the general equaticn for a three harmmess weave 
made from any type of fiber but also aumberad in the cotton system. 


Resall from (77) thar 2 = .0342.K (116) 
fp pebeges 
Y Te 


Wheres De 1s the bulk density of the yarn 


ag 2 « o.. +. (117) 
Pp 29,2 Da 


Thus, recalling equation (79), whenever we use the factors 27.3 
or 28.9 in the derivation of aquation(!15) sbove, we may now substitute 


29.2 V Da 


For example, for the three harness weave, equation (85) 


ee 3.) d, ator 
K, (mar) = Siro yo. 2 = 31,4) De (118) 
fg oa 


Tava, the gia sl ejia ied foe tos 2 CAriess Weare is: 
mi ome BTL) Asem SNA am ee, 


oe ee 


38 7 i Pera 


For the harness weave (M= 2) d+ 4.574 rh = 89 4 
cal oal oal 


o0al cal 


41 ° de 34 


tet a ees 


“ll Z 
Pa Pal 


For the general case of th. l-harness weave, we use 


= 29.2VBe x te!2 cal , Sto ¥Be teat 


K ACIEEN 5 ah See eS Teg arn 


al Pal Faq 


And the peneral_equatim_for 2 Loosmess weave is: 


9G poe \o: ~ )- " 1 Ir / ns ve 
mae ue es a ; ae Bee ele “108 a 


(119) 


ems we ee es or ce CE a ee 


1 


(120) 


(121) 


(122) 


i 
i 
| 
i 
E 


Poo *he ¢chaetees wears UM e 2% 
2 { 
esi 87 a (425) 
rd Me is ( 
oal Ce a col (126) 


For the general case of tne S dames weate we 3546 


29? VDe (1015) deat 


K., °° Ba 
al Pas «406 (127) 
And thus the general equation fur, tt > -hammess weave is: 1128} 


ae ee ee rc a em aw. ae) Bee mee ee Fe rn ee re Be 


= Sateen fea Nae a haste 


| — 
es eee 2 i} . | [2-5 e seus ') ae Al. 
i eer a 1 wo 


For the Oxford Weave the warp portion of tne equation is identical to 


tnat. for the y=harneas weave ‘M = 2.0) ard the filling portion of the 
equation is identical to that for the Ploin (2 harnesz weave). 


The general agquation for the Oxford is therefore: (129) 


iam me E 


».0 (Pex = i} Tete 
al 


ie want e 


. 1 


son 


TG By | sod ies 2a ai 
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These general aqations are now Jn practtssally tbe same form as the 
original equatione for cotton which wers derived in Textile Series 
Report No. 90 4, and volvad and tabled in Tactile Sertes Report No. 128 h, 
One naw vartabla appears, namely, Da, the bulk density of the yarn. In 
the tabulations whieh appeewr ta Teahile Sartes Report 128 4, one table 
de requimad bo enoompass the solutione of tha marino wesvability equation 
for each waave type, or a total af five tables are necessary for the five 
bagic weave typae: the plain, 3-harnese, bobarness, S-lharness and oxforde 
To establish a sewles of tublea of solutions for the new general. equations 
Lt will be mencwasry to have a group of flve tublew (representing the five 
wears) for mach of the yarn blk: denettien wht ch af walactad. 
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TABLE I 


BULK DENSITIES OF YaRNS, COMPUTED FROM FIBER DENSITIES 


This table lists the fiber densities of the natural and man-aade 
fibers in use today. Corresponding te each fiber density, the yarn 
bulk density of a theoretical yarn spun from this fiber is given, 
asmuming that the packing coefficients of the yarn are 0.59 or 0.67. 
The range of densities includes fibers ac light as polypropylene and as 
heavy ss stainless steel. The additional fiber densities provide for 
the developmont of fibers which differ in density from existing fiber 
species. 


Preceding page blank 


BULK DENSITIES OF YARNS, 


TABLE I 


COMPUTED FROM FIBER DENSITIES 


(Listed in order of fiber density) 


Fiber Degignation 


Polypropylene 
Polyethylene (Low Density) 


Polyethylene (High Density) 


iylon 


Crlon 


Acrilan 
Creslan 
Nytrit 


Zefran 


Kodel 


Silk (Boiled-off) 


Azlon 


Viral 


Proceding page biank 


1.26 


Fiber Density 


ay 


05k 


Yarn Bulk Density (gm/cm3) 


P.F, = 0.59 P.F. = 0.67 


61 
62 
6h, 
66 
7h 
75 
77 
17 
77 


TABLE I (Cont'd) 


BULK DENSITIES OF YARNS, COMPUTED FROM FIBE? DENSITIES 
(Listed in order of fiber density) 


Siber Designation Fiber Density Yarn Bulk Densit cm? 
P.F, = 0.59 Pale =) et 

1.27 075 285 

1.29 «76 87 
Dynel Tap 77 87 
Arnel 1.30 77 wok 
Ardil 1.30 77 ast 
Jool 1.32 78 089 
viohair 1.32 nie 269 
Soa tate 1.32 oe 039 

123k of9 oC 
Vinyon 1.35 »8C 9 
Vycron 1.35 80 Fe 
Verel 1.37 25 052 
vacron 1.38 7" 093 


Fortrel 1.38 «31 293 


TABLE I (Cont'd) 


BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 
(Listed in order of fiber density) 


Fiber Designation. Fiber Density Yarn Bulk Density  (pm/cm’) 
P.F. = 0.59 P.F. = 0.67 
Hemp 1.48 87 1.00 
Jute 1.46 87 1.00 
1.49 68 1.00 
Avril 1.50 89 1.01 
Flax (Linen) 1.50 89 1.01 
Ramie 1.51 89 1.02 
Zantrel 1.51 89 1.02 
Viscose Rayon 1.52 090 1.02 
Cuprammoniun 1.52 96 1.0? 
Fortisan 1.52 90 1.62 
Cotton 1.5 (1.35) 091 { .91) 
1.56 092 1.05 
1.58 093 1-06 
1.59 09k 1.07 
Saraa 1.70 1.00 1.1 
Alginate 1.70 1.00 1.14 
Teflon 2.30 1.36 1.55 
Asbestos 2 50 1.48 1.68 


Fiberglas 2.54 1.50 1.71 


TABLE I (Cont'd) 


BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 


(Listed in order of fiber density) 


Fiber Designation Fiber Density Yarn Bulk Densit; 
P.F. = 0.59 
3.00 1.77 
4.00 2036 
5.00 2695 
6.00 3-54 
7.00 4.13 
Stainless Steel 7.89 4.60 


62 


cm 


PF. = 0. 67 


2.02 
2.69 
3037 
4.04 
4.71 


5 02h 


TABLE IT 


YARN BULK DENSITIES OF BLENDS OF THE IMPORTANT COMMERCIAL FIBERS 


iter Dmsity, _Fiber Designgticn 


Toth Nylon, Orlon 

1417 Acrilan 

1022 Kodel 

1.30 Dynel, Arnel 

1.32 Wool, Mohair, Acetate 

1035 Vinyon 

1.38 Dasron, Fortrel 

1052 Viscose Rayon, Cupramaonlun, 
Fortisan 

1054 Cotton 


The fiber density of one of the component fibers ie given at the 
top of the first column, with the percentage of that fiber (from (% to 
100%) given below it. 


The peadings of the following eight colums give the fiber densities 
of the other component fibers, and the values in the body of the table 
are yarn bulk deneities. 


For example: Given a blend of 25% nylon, 75% cotton, Turn to 
page of table with "Fib. den = 1.1" above first colum (fiber density 
of nylon 1¢ 1.14). Drop dow to 25 in thie column (the percentege of 
nylen in the blend). Go acrose thie row (25) to the colum headed 
1.54 (this is the fiber density of cottem). This will give the bulk 
density of a blend of 25% nylon and 75% cotton ae .8h. ae 
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MAXIMUM WEAVABILITY TaBLE 


. TABLE TIL. MAXIMUM FILLING COVER FACTOR IN TERMS OF WARP COVER 
FACTOR, BETA FACTOR, AND YARN BULK DENSITY 


} 
i 
| This table provides solutions for the maximum weavability 
equations (3c) for: 

A. Plain weaves, 2-harness 

B, ‘wills, j-harness 

C. Twills and crowfoot, \-harness 

D. Sateens, S-harness 

ER. Oxford weave 


The overall range of warp cover factors is from 8 to 62. However, 
depending upon the yarn bulk density and/or the weave type the range 
may be ler- than this. 


Beta factors range from 0.5 to 2.0 

See Sections in the body of the report for: 
Computation and organization of Table IiI (3c) 
How to use Tablé III (5) 

Exemples of use of Table IIx (5) 

Basic assumptions and limitations of tables (7) 
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